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(57) Abstract 

In a cellular radio system down-link diversity is provided. The system has means in a base station (BS) for receiving signals from 
a mobile station (MS) using a diversity reception arrangement, in particular an antenna diversity arrangement (207, 209). Information 
regarding the current reception conditions is extracted from the reception diversity system and is used for improving the transmission. 
Thereby the transmitted signals can have less signal power, which in turn makes it possible to provide smaller cluster sizes and thereby 
increase the channel capacity in the cellular radio system. 
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A METHOD AND A SYSTEM FOR DOWN-LINK DIVERSITY IN RADIO TRANSMISSION 
TECHNICAL FIELD 

The present invention relates to a method and a system for radio 
communication. 

DESCRIPTION OF RELATED ART 

In cellular radio systems the number of cells used for covering 
a particular area should be as small as possible in order to 
minimize the costs. However, in order to maintain a sufficiently 
good signal to noise ratio (SNR) for a system having many mobile 
stations, the cell size should be as small as possible. 

Thus, using a small cell size the same signals can be reused at 
other locations in the cellular radio system* In a system having 
M orthogonal signals or channels these are usually divided into 
K groups having the same or close to the same number of 
channels. In a hexagonal cell pattern with the base station 
located in the middle of the cell, see Fig. la, K can be any 
integer written as 

K - (i + j) 2 -ij/ where i,j « 0,1,2,3,.. 

Thus K can be K = 3,4,7, 9 , 12", 13 , . . . ' ~ 

A group of cells, where, each channel group is used once is 
usually termed cluster. K ,is therefore usually termed cluster 
size. ■ ' . ;h 

It is also common to use more advanced ^ cell structures/ where 
fthe base stations use directive antennas- located in the corners 
pf^the cells, see Fig. lb.- A cell structure xhaving a cluster 

°C 12 and 4 ba^e -st^tion locations^per .cluster is denoted 5 a 
Z$££$ cluster and s antes \ way a cell structure Having cluster, size ; 

find 7 base station locations per cluster is deriotect a 7/21 
cluster etc. Such ar'rkngejnents have the '"advantage thatf' several^ 
base stations can be located at the same lopation, which 'is cogt 
saving. The maximal -distance from the base station to a mobile 
station will be increased' vbut the number of ^interfering closely 
located base stations, will be fewer. i ^ 

SUBSTITUTE SHEET (RULE 26) 
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<X:v dir&&t to optimize" the systiem : f or handling as many- calls per 
cell a's possible" it? is ' desired ' to - have v acees§ to : as-' itiahy 
channels as possible pfer cell. This can : be termed 1 the capabity 
r df the T system (nj , where 1 -f 1 •-■ - ~ **- - : — 

n = M/K - : /. : - _ / ,;, ■;• . — . 

For a certain system^ the" hambe'r of channels 'M' 7 which can be used 

- • is Usually 'predetermined £ - Hence-, ? in* order to increase ■ the : 

capacity of the cellular radio system the number of groups *K~ 
should be as small as possible. How small the number of groups K 
' ^ cart be is determined by r how sensitive -to nbise "and 'inter feriihg 
signals, the signals 'are. il" .v. L. . • ^ 1 • : : . . ;> ■. 

In order to increase the performance in transmission on a fading 
radio r channel, diversity' is employed. Diversity means that the 
same signal is -transmitted via two v 6r ■ more transmission 'paths . 
• There are' many- different types' of T diversity arrangement such as: 
frequency diversity, tiitte diversity, polarisation diversity and 
spatial diversity etc. ^-i-n* spat ial ; Miversity "or antenna L ^ 
diversity; several antenna* are 1 used ! vfieh receiving the 1 ' signal. 
-It can^ be shown that if- the- distance between " two antennas is 
sufficiently long the signals at the different antenna^ will? be 
uncorrelated. 

Th€i distance' required is mainly- dependent ori 7 the wavelength- used 
in the^ transmissibn. A r distance 6f : about th& wavelength" divided 
by 2 can be sufficient"/ to reduce the" eorrelation ; to acceptable 
levels. The longer the distance between the antennas, the less 

- corr Elation, ^bwever, very^ long distahcek may - not be feasible. A 
normal v^lue 'can be • abotrb -12> - 20 times the wavelength niseS.^ 

Antenna diversity has the advantage of not req-u l iring-'-a-^tfrgfer 
frequency range. Also the implementation of an antenna diversity 
arrangement is quitfe simple. ; ~" "• . , r ■ > ;;.■> ^j-;,;* 

■ " ' .. "". t:c . t .;. ' - I -^v.? / * ✓ ■? 
In cities and other areas having a large concentration of mobile 
stations ■• (mobile' telephones)';** the* frequency^ -rahge" avai^bl'y is 
u.>o ; very limited in comparison to the^tiea^vy cohcdntifatibir ^of = mbSile 
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stations . yln , this environment frequency:; diversity syst§ms :j arid 
other, types^ of diversity systerajwincr^asing. the .required^ ; r«--. 
frequency -range- are. not possible to : user/ since, the. number ;pf 
channels available would be to low to^e^pe with the^-large number 
of mobile stations. Therefore, the use of antenna diversity 
systems is preferred in many cases. ,?\ i 

i: , :t The . jrecjeiver 1 can ;use pjc weigh th§ : ^ignals-f rom^tjie- dif ferent 
antennas^ in- a r number pjf different ,^ays -The,., most-, .common -j methpds 

are;- ;j :: : . c : ; y } ^ : . ..> .f-^ :-V i~. 

.Selection 'diversity: The receiver ehoos.es the signal^ haying -the 
highest signal to noise ration (SNR) aQd^uses. this.-, signai nf or 
the signal detection. 

Maximum ratio combining diversity : The /receiver uses the; ^ :,.^: 
information from all the : reception branches,, ^llaat; th^; §am<&&- 
, ;> time;. The t signals frpm the d£f ferept bfanches; : ,are ; given ar weight 
which -is proportional [to the SNR> at the resspectiye; branch* . When 
using the method the^ individual signal , must haye^ the same ..phase 
when the addition ? takes plac^ Thus,, t it is necessary .to. t , ? „< f 
implement a phase_ compensation:: circuit -* The* phase compensate^ 
3C I and; ORt^ijpal weighted signal is 5 then ^ed^as the? output signal. 

Equal gain combining diversity: This is a special case of the 
c - ;Maximum ratio : combining^ diver sitiyt, system. Thus> ; in - o-r-der, not to 
f ^rhaye \ to^jrvejisure th^ . momentary SfJR in ^ea.ch reqept ion branch the 
weight , is set, v cpn$tant >-and ^equafl y <f or ^ all the branches . 

..Switched diversity,: This is: .simple, metho.d> ir Thus 7 : one: branch at 
a ;feime i« ; uged, and .. switching between diffe^er^t , branches-; is , only 
carried out when the signal envelop drops below a certain 

■^^jB^Qldsyalue^ ^ , u - . t : r \ : -k : 



The use of diversity systems is a powerful^ tool in. order, to, 
avoid long fading conditions. 

r, :HQ^y.er :/: the diversity, systems- of\ today cannot be used . : for 
: „ r fS^jcpificant-L^;- i-ncr casing •, : .tehe 3 ^hanne r l^ ^capacity • fpr. cellular radio 
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systems . The ; limitations in channel capacity- is r an? increasing 
problem, since ^ the frequency range available is limited aTid the 
: -number of . mobile terminals "*-fiis * constantly- increasing. - * ' 

SUMMARY-, :-s'rz:^ _ : n v r > : . ; ' ^ ' ~: c i 

■It- is : : an ob jf ect- of' the ; present invent ion to* Improve the channel 
capacity for cellular radio systems. This object is obtained by 
using a diversity arrangement in the base station, which makes 
use of the information obtained when receiving signals'* "in aii- 
antenna diversity, system- for-:: transmission' purposes . 

■i The" radio transmissions system .Is:', therefore equipped with me&hs 
in/ the base station for extracting- inforni^tioh regafdahg ^fee^ 
current diversity conditions arid 'the extracted information^ Is 
used for controlling the transmission of the down-link signals 
according to a diversity (down*- link)" transmission schemed v r ^ 

- Thus f ; the ;same"l inf ormation^ use3- for the -reception of the^slgnal 
(up- link signal) is: applied; in a -corresponding manner for : ' 
transmission 'of j. the signal (down-linkv signal) v ; This makfes it 
possible to. use less,;power' in the transmitted signals' whereby 
the cluster sizes can be reduced. This in turn results in' a r ^ 
larger channel capacity according to the above. 

The -use of <sueh a dov;n^link diversity arrangement therefore^" 
provides a vsy^tem operator with a tool by means of which' he j 'can 
easily increase the ^number of mobile stations without fiavihg^ to 
use; a larger frequency range. Tor -example it^will be" possible to 
reduce the co-channel interf erence so that : a- 4/12 cluster- will 
have the same speech quality ^a^ fbir: traditional' base - stations in 
a 7/21 cell cluster. 

BRIEF . DESCRIPTION QF^ THE DRAWINGS- " : J *v / v^_o r. 'rj; 

.The present invention' will now be described ifc^inore d%4all v by 
way of non-limiting^examples and with reference to* tfra ,^>^o£ 
accompanying drawings, in which: 

* r Flgs/.H; la and lb show hexagona 1 > cell structured I ■ " - * s 
- Fig;, 2 shows a mobile -statibh^ and- a base station in V cellular 
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radio system* where the- base station; has; a^ combinedr . ^'rf-a^' 
receiver / transmitter * using -a < diversity' -arrangement*. . v r v< : -r q 
- Fig. 3 s.hows a t mobile ..station and- ar^base- station ' in: a:;;cellular 
radio system, where the base station has a combined 
receiver/transmitter using another diversity arrangements i\ :> 
- : Fig. -4, is a f low, chart? illustrating;;diff erent -steps ..carrifed 
cut when, employing- a . down- linked! vers ity\ scheme* ^ ::;.v:^~ 



DESCRIPTION;. OF PREFERRED EMBODIMENTS x ^ 7j ■ : . ; 

In Fig. 2 a ( principals view; of . a: cellular ^radio transmission 
system is shown. Thus, a mobile station is shown at 2 01. The 
mobile., station 201 has an* antenna f 203 by means , of -which,; it- dan 
coimnunicate -with a base; station -shown at 205 i The base station 
205 . has.~ two .antennas _ 207 and 2 0£ . ; : . ..: -;m\\ •* v> ; : ^ ' - : * *: 

The base ^station 205 shown, in fig.- 2 is designed for* maximums 
ratio combining diversity. Thus, the SNR is derived from;: the 
, signals received ,by^ the ; vanten^s, 207 ; and> 209. :The aSNRs are used 
for getting auiplif i^rs -211 and r213* to. values corresponding to 
the measured SNRs^ In' other;; words, the^.receiving branch .having a 
better^SNR, will be; more amplified than ;the receiving branch ■ . 
having ^ small SNR; c\s. L I - ;: * ^< i .r- : I ' :> ; y 

The same value as is set for the amplifier 211 is at the same 
time set for an ; r amplifier 2i5- and the same .value, set for the 1 
iF amplifier- 213. isserbfor an amplifier. 217 . The amplifiers -215 
:> r and, 21,7 fprin,..a. part pf:: the' transmission circuitcof the base 
, : . r station,. ; 2 05 and: v aj?e also? connected to . the antennas 2 07 ; and-: 2 09 , 

r which thus , are used both for transmission and -reception .of 
;; ; 5 igna Is - ; to / f r om , the mobile? station- 201. . . ■ ,- ^ - »-/.. \ • 

The output from the amplifiers 211 and 213 is fed to a circuit 
2i9. The circuit 219 is used^fcor phatse, 'compensation, in. orders to 
give; .&ke^tw<?'. .received- signals s the same phase/ before: they are 
added, whicb:;' also : takes place in the circuit * 219 • * *: ± 



The information derived in the phase compensation circuit 219 is 
also fed to phase ,\compen£at;i on- .circuits .221 and 223, which are 
v 5 : - part-i of the i transmission cirLcuitr. of ; the base station 205.; ^ - 
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The^ putput .from the . circuit 219 . is - ; f ed .to detectpr, or , . 
demodulator circuit 225, which provides the output frpm ; .the base 
station 205. 

. : _ The ; ,b^se statipa Is us ; ed for bi-directional communication with 
the mobile: . station 201. Thus, when transmitting signals i^rgm the 
base station 2 05 to , a mobile station -2Q1 the signal: to -be s = 
^transmitted • -is.- fed; to a modulator 227 . • The: output . from the ^ f ^ 
modulator is r: f ed ;on : fcwp r different lines to the, phase , :. L 
compensators ,221 ;,and 223 . .The., -phase- compensators, 221 1 and 223 : are 
set according to the current phase compensation performed in the 
circuit 219. The output signals from the phase compensators 221 
anql 223 are then .fed to the ? antennas 207 and^ ~2 09 : , respectively. 

r Thus, the antennas 2 07 and. 2 09 are. duplex antennas which are. 
used both for reception of signals and for transmission thereof. 
> rThe ^antQnnas .^207 and : 209, are, fed f -with transmission signals f > 

having the same f phase compensate -and *;the £ same signal strength 
.. .relfition^ as the (i SNR; Of the currently received -signals . < ,. 

3 r This arrangement , will have the ef^ec } t , that the ^signals . ; . 

y , transmitted from the base station 205 -can f b e -transmitted using a 

smaller signal power, while maintaining.^the same SNR at : -the : . 

receiving mobile station 2 01. 

In a preferred embodiment the-duplex antennas 207 -and 209 are 
separated by * distance equal- to half : the. wavelength-us^d or Q an 
integer multiple* thereof . It is ,also possible ,tp .use an ^ 
arrangement having mpre than two , aritennas if that: would turn out 
. ,tp b^ more, us^fyl in certain situations.* For example > r three, or 
four antennas can be ; used in certain applicatipns. ^ ^ , r , ^ 

Furthermore, it is. not necessary that the antenna ; diyersi£y^ used 
in the base station vis using a^maximumj ratio ^combi^ingc .dl^psity 
. algorithm for increasing the SNR . other antenna diversity ;— f;a 
algorithms - can 0 also be used in-;the same. v mjanper . Thus ,,, if ( cr:-p B 
selection diversity (as. described^ above) - is,used 4:he^ £ : 0 ., v ^re- 
transmitting part of the base station : yill . us.e t the inf ormation 
provided by the receiving part and send information from the 
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duplex anteriria - which is * currently used f or 'receiving signals 
* * 'from *a ,: md'bile ' -station'. * s • v ' v « r - J{ " f * • ' • : '* " : ~ "'' v '- f; ' : '"- :a,: 

This is shown in fig. 3, Thus, a mobile station 301 is 
' transmitting arid 'receiving signals Via -ari' antenna 3 03 -to a^base 
'"'station 3-bSv The base : statiori ; 305 Kas : two duplex antennas 3 07 
and 3-tf9 r The antennas 307 and' ! -309 'are v connected 2 to ^receivfers -311 
and 3^3 r^spect r iveiy • The output f irdm the' €\Srb- receivers 11- and 
313 is connected to a 16gic unit 3-15 , which is arranged to ' : • 
'choose the output- s ? igrial from the two receivers having" the /r '^ 
highest SNR -a v s f output' signal. 1 - ■ t : ^ * " " - a 

-The ^' logic- unit 315 : also ^controls' two ^switcrtes 317- &ri& 319 £b~ ; 
that only the antenna 3 07 or 3 09 which is currently used when 
receiving sigrnais as xibed for transmission via a' modulator "'321 . 

Thu£> £ when the V- base '-station 3 05 transmits signals -td r: the' J mbbile 
i ' station 3 01 the- input^ 'signal modliiated in" "the^ modulator '3 21- is 
only transmitted *Vra : the antenna- 3 07 or 3 o£ which curf eritly : has 
the highest received SNR. In this manner, as in the case 
described above ? iri cdrijunctiorf with fig. -2/ a lotfeir ^sighal- power 
" 'can be r Used while maintaining the r same SNR at the receiver site, 
i.ev ? tft£ mobile r station^ ^ : ^ -- : ' - J * ■ ■ - v * 

The idea of letting the information obtained by an receiving 
antehri£ diversity systeiH be used f or transmission of -signals - is 

-^of- cotirSe hot limited to the antenna diversity systems described 
above /' all other 3 ititerinaL diversity systems can be used f or 1 

r - obtaining the feffedti : Iri £&Cty the method of letting 2 the r x 
-information "provided by' a receiver diversity System-' is not even 
limited to ahtenna diversity systems it c^ri <*gually well be 
implemented in other diversity systems, such as a frequency 

^diversity 1 syst'emi In that* casie the frequency information } 
: : "bbtaihed- by 1 the ' d i ver s i ty system is iised for : transmission f 1 
purpfbse%> ' ei : g • t_ the frequency which currently 1 provides ' "the best 
SNR is- used 1 v for transmission"." However, this would require that 
the receiver iias' Mans v f or receiving at 'the diff er'ent 

r,? trartfemiVsiori j frequencies l v T ' r - '•■"»'- " • 1 • * 
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Fig. 4 is a flow chart illustrating the steps carried out in a 
-baise station 'when %sitig a' dbwh-Tink transmission scheihe; Thus, 
-first r ilh a block 4 01 ah" tip- link' 'sigrial is : resceivbd using V * 
: sui 'table n diver si t^- : 'ktrangemeht / e.g.' an antenna diversity v 
*" arrangement / * Nekt in* : a'' brock* 4 03 : the information obtained' from 
the diversity- arrangement 'jre^ardirig the i upT-link : sTgnal* is ? " ' 
extracted. For eiampTe- irt 1 the' baser when ; art antenna diversity 
system employing selection diversity xs used) -the information 
extracted is the which antenna/reception branch that currently 
receives ■ the signal : having the highest' SUkV : ' ' :i -V : 

Thereupoh the information is passed to the transmission £>&rt~ of 
the base station in a block 405, and ; finally the" trahsmiss ion 
part feeds the antenna /antennas with a down-link signal using 
the information obtained from the- 'receiving diversity systett in 
- a block 1 4 07. In the ' case ,,! when ^ ; the r information 6btain4d :t is : which 
antenna in an antenna diversity system that currently deceives 
the signal having the highest SNR (selection diversity) , the 
trariismissioft- pairt" of : the : base station feeds' that antenha with 
the do^wn-link Signal; *■ ^ v ' '" ~ 

The method and system as described herein, which uses 
v inf ormk*cion derived f rom Y; a° diversity arrangement f oir 1 r^ceivirig 
an' up-link sighal x i or trarisrcXssioh purposes, iTeV kinci Hf s 
transmission diversity, enables ' use ? a smaller ' signal poWer. 

This is most valuable 1 in today r s "cellular radio systems" where 
frequency is a limited resource arid reuse biP fr^qu^cies at 
close distance is required in order- to : obtain a~ system bapable 
of housing the iricreaTsiriig' numbed of irvbbfle stations) stachr as' 
mobile telephones. 
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CLAIMS v- ,;„.;-, . • ; v v-./.^. . ;'..>' V - -I % . -ji -3 

1. -A radio, transmission, system, cpmpris^ing a base statipn ^h^ving 
a receiver diversity, arrangement,, jshara^cte.rized^by .means, in- -the 
bas^, station for extracting information regaining the, purr^nt 
receiver diversity., conditions- and, .means , f,or transmitti^ng.. down- 
link signals.., according .to .a. diversity . transmission^ algorithm 
controlled in ( accordance with the- informatipn ; extrapt^d, from, the 
receiver , diversity, arrangement .:, r v ,., ^ :? , . ■ ■ ^ > - / ; 

2. A system according^ to- claim ,1, characterized ill . that //the- 
transmission means are controlled to apply the same diversity 
algorithm, to the dowp-link signals as; is .current ly : used for f v 
receiving up-link signals-.,. ... . ,\ < r - v , ~ *--.,,>■_ 

. 3... A system apcording. to, any of claims 1 r ?, characterize^: in 
that an ant.enna diversity arrangement, is u^ed for receiving ^the 

up- link .signals.- ~. . 3 ^ . t/v .. , v > ? :3 n c: ^ *. c^r:** 

4. A system according to . claim 3_, characterized ; by duplex . 
antennas for receiving the up-link signal r whereby. the ^own-link 
signal can be transmitted using the same antennas. 

, 5;. A, system apcprding^ to any.. of. claims 3. - . 4 , , characterized in 
that rthe, antenna diversity arrangement cpmprise^ - two antennas 
for receiving and .transmitting, signals. ; >= ;,o> / .r v u.-" 

Vj> A system., .according, to any of claims 3 » .5 , characterized in 
that th£L ajitennasr.^n^jthe antenna diversity, arrangement- are 
,separate^d by a distance, .coipresponding tp .^ integer multiple, of 
half tl*e wavelength uspd in the .transmission. . , _ : . it - 

7. A method of transmitting radio signals, characterized by the 
steps of : 

- receiving an up-link signal using a diversity arrangement and 
algorithm, 

- extracting information from the receiving diversity 
arrangement , and 

- transmitting signals according to a transmit diversity 
algorithm under control of the extracted information. 



e: * n t 
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8. A method according to claim 7, characterized in that the 
transmit diversity algorithm used is the same as the receiving 
algorithm. 

9. A method according to any of claims 7 - 8, .characterized in 
that an antenna diversity /arrangement is used for receiving the 
up-link signals.' m a \ ~* 

10. A method according to claim 9, characterized in that duplex 
antennas are 1 used in the antenna diversity arrangement for 
receiving t#e up-link signal* whereby the down-link signal can be 
transmitted using the same antennas . 

11. A method according to any of claims 9-10, characterized in 
that two antennas are used for receiving, and transmitting 
signals. i ' 

12. A method according to any of claims 9-11, characterized in 
that the antennas in the antenna diversity arrangement are 
separated by a distance corresponding to half the wavelength 
used in the transmission or an integer multiple of half the 
wavelength. "\ '\ ' , 
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